KDM7A histone demethylase mediates TNF-α-induced ICAM1 protein upregulation by modulating lysosomal activity.
Intercellular adhesion molecule1 (ICAM1) is involved in adhesion and transmigration of leukocytes across endothelium, promoting brain inflammation and leading to brain diseases. Here, we studied the mechanism that regulates ICAM expression in response to proinflammatory cytokine tumor necrosis factor alpha (TNF-α). ICAM1 mRNA and protein levels in human brain microvascular endothelial cells dramatically increased after TNF-α treatment. TNF-α also upregulated histone demethylases KDM1B and KDM7A responsible for demethylation of H3K9me2, a well-known repression marker. Knockdown of KDM7A by a small interfering RNA reduced the ICAM1 protein level and leukocyte adhesion without an effect on ICAM1 mRNA expression. In contrast, a KDM1B knockdown did not affect TNF-α-induced ICAM1 expression. Thus, KDM7A-mediated ICAM1 protein upregulation is likely related to protein stability, not a histone-mediated epigenetic mechanism. Experiments with cycloheximide supported the role of KDM7A in ICAM1 protein stabilization. Further experiments suggest that KDM7A regulates ICAM1 protein stability via a lysosome-dependent pathway. Lysosome inhibitors increased the TNF-α-induced ICAM1 protein level and restored KDM7A knockdown-induced downregulation of ICAM1. In contrast, the KDM7A knockdown had no effect on proteasome-mediated ICAM1 degradation. We also found that the transcription factor EB protein level reduced in response to TNF-α but increased by the KDM7A knockdown. Immunocytochemical analysis revealed weak lysosome formation with high ICAM1 immunoreactivity after TNF-α treatment, but KDM7A knockdown reversed this response, resulting in strong lysosome formation with ICAM1 protein clustering in lysosomes. Taken together, our results show that KDM7A mediates TNF-α-induced ICAM1 protein upregulation and is mediated by induction of KDM7A, which regulates the TFEB-mediated lysosomal activity.